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METHOD OF MANUFACTURING CAPACITOR BY PERFORMING MULTI-STEPPED 
WET TREATMENT ON SURFACE OF ELECTRODE 

This application claims the priority of Korean Patent Application No. 2003-12326, 
5 filed on February 27, 2003, in the Korean Intellectual Property Office, the disclosure of 
which is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
10 The present invention relates to the manufacture of a semiconductor device, and 

more particularly, to a method of manufacturing a metal-insulator-metal (MIM) capacitor 
by applying a multi-stepped wet treatment to the surface of a metal electrode of the 
capacitor in order to improve the characteristics of the capacitor. • 

15 2. Description of the Related Art 

With the increased integration density and advanced performance of 
semiconductor devices (e.g., DRAM devices), the design rule of such devices is being 
markedly reduced. Thus, various methods for manufacturing capacitors that occupy a 
smaller area of the device and having a larger capacitance have been proposed. One 

20 of those methods involves the manufacture of MIM capacitors. 

A typical method of forming an MIM capacitor comprises forming a lower metal 
electrode, forming a dielectric layer, performing a thermal treatment, and forming a 
metal upper electrode. Here, before the dielectric layer is formed, the lower metal 
electrode may be placed under certain processes that cause it to suffer from 

25 environmental damage. As a result, the processes and related circumstances affect 
the characteristics of the completed capacitor. That is, exposure conditions, such as 
atmospheric environment and exposure time, under which the lower metal electrode is 
placed prior to formation of the dielectric layer, may degrade the characteristics of the 
capacitor. 

30 In addition, certain processes that are performed prior to the formation of the 

dielectric layer may degrade the characteristics of the competed capacitor. For 
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example, node separation, which is performed subsequent to formation of the lower 
electrode, may cause moisture absorption into the surface of the metal electrode. Also, 
unwanted oxides (e.g., native oxide) may be generated on the surface of the lower 
metal electrode due to the oxidative environment. Also, organic materials may be 
5 absorbed on the metal electrode. As a result of these effects, a junk layer, or junction 
layer, containing oxygen or carbon is generated on the surface of the metal electrode. 
This junk layer exhibits intermediate properties between the properties of a metal and a 
dielectric material and thus is a primary contribution to degradation of the characteristics 
of the capacitor. 

10 Since the foregoing junk layer increases equivalent oxide thickness and 

deteriorates interfacial characteristics between an electrode and a dielectric layer, the 
dielectric layer cannot be properly deposited. Accordingly, the junk layer should be 
removed during the manufacture of capacitors. 

15 SUMMARY OF THE INVENTION 

The present invention provides a method of manufacturing an MIM capacitor by 
adopting a multi-stepped wet treatment as a cleaning process to effectively remove a 
junction layer that may exist between a lower metal electrode and a dielectric layer. 
In accordance with one aspect of the present invention, there is provided a 

20 method of manufacturing a capacitor, comprising forming a lower metal electrode of a 
capacitor; performing a primary wet treatment on the surface of the lower metal 
electrode to remove unwanted surface oxides that may exist on the surface of the lower 
metal electrode; performing a secondary wet treatment on the surface of the lower 
metal electrode by using a different etchant than the etchant used in the primary wet 

25 treatment to remove unwanted surface organic materials that may exist on the surface 
of the lower metal electrode; forming a dielectric layer on the lower metal electrode 
using a high-k dielectric material; and forming an upper metal electrode on the dielectric 
layer. 

The primary wet treatment may be performed using an etchant containing HF, 
30 LAL, SC1 , or a combination thereof, and the secondary wet treatment is performed 
using an etchant containing H 2 S0 4 . 
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The primary wet treatment may be performed using an etchant containing HF, 
LAL, SC1 , or a combination thereof, and the secondary wet treatment is performed 
using an etchant containing ozone water. 

The primary wet treatment may be performed using an etchant containing LAL, 
5 and the secondary wet treatment is performed using an etchant containing H 2 S0 4 . 

Alternatively, the primary wet treatment may be performed using an etchant 
containing SC1, and the secondary wet treatment may be performed using an etchant 
containing H 2 S0 4 . Here, the SC1 is used as the etchant at a temperature ranging from 

about 30 °C to 50 °C. 

10 In accordance with another aspect of the present invention, there is provided a 

method of manufacturing a capacitor, comprising forming a lower metal electrode of a 
capacitor; performing a primary wet treatment on the surface of the lower metal 
electrode; performing a secondary wet treatment on the surface of the lower metal 
electrode using an etchant containing LAL; performing a third wet treatment on the 

15 surface of the lower metal electrode using an etchant containing ozone water; forming a 
dielectric layer on the surface of the lower metal electrode using a high-k dielectric 
material; and forming an upper metal electrode on the dielectric layer. 

The primary wet treatment is performed for about 1 minute to 10 minutes using 
as an etchant a HF diluted with deionized water in a ratio of 1 : 200. Here, the 

20 secondary wet treatment is performed for about 5 seconds to 50 seconds. 

In accordance with yet another aspect of the present invention, there is provided 
a method of manufacturing a capacitor, comprising forming a lower metal electrode of a 
capacitor; performing a primary wet treatment on the surface of the lower metal 
electrode using an etchant containing HF; performing a secondary wet treatment on the 

25 surface of the lower metal electrode using an etchant containing LAL; performing a third 
wet treatment on the surface of the lower metal electrode using an etchant containing 
H 2 S0 4 ; forming a dielectric layer on the lower metal electrode using a high-k dielectric 
material; and forming an upper metal electrode on the dielectric layer. 

The third wet treatment may be performed using the H 2 S0 4 -containing etchant 

30 further containing H 2 0 2 at a temperature ranging from about 70 °C to 90 °C. 
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Meanwhile, the lower metal electrode may be formed of titanium nitride, tantalum 
nitride, tungsten nitride, platinum, or ruthenium, and the upper metal electrode is formed 
of titanium nitride, tantalum nitride, tungsten nitride, platinum, or ruthenium. For 
example, the lower metal electrode and the upper metal electrode are formed of 
5 titanium nitride. 

Also, the forming of the lower metal electrode may comprise, forming a molding 
layer; forming a mold having a recess by patterning the molding layer; forming a lower 
metal electrode layer having a recess along an inner surface of the recess of the mold; 
forming a sacrificial layer to fill the recess of the lower metal electrode layer; forming a 

10 lower metal electrode by separating the lower metal electrode layer by planarizing the 
sacrificial layer and the lower metal electrode layer until the top surface of the mold 
layer is exposed; and selectively removing the remaining sacrificial layer. Here, the 
separation of the lower metal electrode layer comprises planarizing the lower metal 
electrode layer using chemical mechanical polishing. 

15 According to the present invention, a multi-stepped wet treatment is performed 

on the surface of the lower metal electrode, thereby improving interfacial characteristics 
between the lower metal electrode and the dielectric layer. Thus, the performance 
characteristics, most notably the leakage current characteristic, of the MIM capacitor, 
can be effectively improved. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
' The above object and advantages of the present invention will become more 
apparent by describing in a detail preferred embodiments thereof with reference to the 
attached drawings in which: 
25 FIGS. 1 through 6 are sectional views illustrating a method of manufacturing a 

capacitor according to an embodiment of the present invention in which a multi-stepped 
wet treatment is performed on the surface of an electrode; 

FIGS. 7 through 9 are graphs showing a drop in leakage current of a capacitor 
manufactured according to the method of the present invention in which a multi-stepped 
30 wet treatment is performed; 
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FIGS. 10 and 1 1 are photographs of a capacitor manufactured according to the 
method of the present invention in which a multi-stepped wet treatment is performed 
showing that particles are effectively removed from the capacitor; 

FIG. 12 is a photograph of a capacitor manufactured in accordance with the 
method of the present invention in which a multi-stepped wet treatment is performed 
showing that no water marks are formed in the capacitor; and 

FIG. 13 is a flowchart illustrating a multi-stepped wet treatment according to the 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

In an embodiment of the present invention, a multi-stepped wet treatment using 

different wet etchants is carried out to clean a lower metal electrode of an MIM capacitor. 

Thus, the multi-stepped wet treatment improves not only interfacial characteristics 

between the lower metal electrode and the dielectric layer but also the performance 
« 

characteristics of the resulting MIM capacitor. 

Prior to formation of the capacitor dielectric layer, a multi-stepped wet cleaning 
process or wet treatment using different wet etchants is performed on the surface of the 
lower metal electrode. Here, the wet etchants are used for different purposes. 

A junk layer, which may be generated or otherwise may exist on the surface of 
the lower metal electrode, is formed of oxides, organic materials, or particles generated 
in the previous process steps. Accordingly, a combination of the wet etchants, which is 
used for the wet treatment of the metal electrode, should operate effectively on each of 
the oxides, the organic materials, and particles. Also, some wet etchants can 
effectively remove certain materials, such as particles, but may cause side effects, such 
as water marks on the resultant structure. Therefore, a multi-stepped wet treatment or 
cleaning process using a combination of different wet etchants should be capable of 
minimizing the side effects and maximizing cleaning effects. 

Before the embodiments of the present invention are described in detail, a 
process of manufacturing a capacitor of a semiconductor device will be briefly described. 
In the following process of manufacturing a capacitor, a multi-stepped wet treatment 
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according to the present invention is carried out following formation of the underlying 
metal electrode and prior to formation of the dielectric layer. 

1 . A method of manufacturing a capacitor according to the present invention 
5 FIGS. 1 through 6 are sectional views illustrating a method of manufacturing a 

capacitor according to an embodiment of the present invention in which a multi-stepped 
wet treatment is performed on the surface of an electrode. 

Referring to FIG. 1 , a mold is formed to provide a lower electrode of the capacitor 
in a 3-dimensional shape. , Specifically, a conductive contact 150 (e.g., a buried contact 
10 (BC)) is formed to penetrate an insulating layer 100 in order to electrically connect a 
semiconductor substrate (not shown) with the capacitor. 

Thereafter, an electrode supporting layer 210 is formed using an insulating 
material such as silicon oxide, and an etch stop layer 230 is formed using a material, 
such as silicon nitride, having an etch selectivity with respect to silicon oxide. The etch 
15 stop layer 230 is formed to control the amount of etching performed during the etch 

process for forming the mold. A mold layer 250 for the mold is formed on the etch stop 
layer 230 by using an insulating material such as silicon oxide. Next, the mold layer 
250 is selectively etched, thereby forming an opening 270 that exposes the underlying 
conductive contact 150. 

20 Referring to FIG. 2, a lower metal electrode layer 310 is formed along the profile 

of the opening 270. The lower metal electrode 310 is formed of a material that is 
adequate for an MIM capacitor, for example, metal nitride such as titanium nitride (TiN), 
tantalum nitride (TaN), and tungsten nitride (WN), noble metal such as platinum (Pt) and 
ruthenium (Ru), or a conductive oxide thereof. Alternatively, the lower metal electrode 

25 layer 310 may be formed of metal such as tungsten. Most preferably, the lower metal 
electrode layer 310 is formed of metal nitride, such as TiN, TaN, and WN, to maximize 
the advantageous effects of the multi-stepped wet treatment according to the present 
invention. 

After the lower metal electrode layer 310 is formed to have a recess as shown in 
30 FIG. 2, a sacrificial layer 400 is formed to fill the recess. The sacrificial layer 400 is 
formed using an easily removable material to facilitate node separation of the lower 
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electrode layer 310. For example, the sacrificial layer 400 is formed of flowable oxide 
(FOX) or undoped silicate glass (USG), which has a much higher etch rate than that of 
the mold layer 250. Alternatively, the sacrificial layer 400 may be formed of photoresist 
material. 

5 Referring to FIG. 3, the lower metal electrode layer 310 is planarized and then 

separated into individual electrodes. Here, the sacrificial layer 400 may be etched 
back before the lower metal electrode layer 310 is planarized. If the sacrificial layer 
400 is formed of silicon oxide, it may be etched back using a fluorine-related etch gas 
such as C 4 F 6 . Alternatively, the sacrificial layer 400 may be etched by chemical 
10 mechanical polishing (CMP) using slurry for polishing oxide. If the sacrificial layer 400 
is formed of photoresist material, an 02-plasma or 03-containing gas may be used as an 
etch gas. 

If portions of the lower metal electrode layer 310, which are disposed on the mold 
. layer 250, are exposed by etching back or planarizing the sacrificial layer 400, the 
15 exposed portions are selectively removed by CMP or dry etching to separate the lower 
metal electrode layer 310 into individual lower metal electrodes 31 1. 

Referring to FIG. 4, the remaining sacrificial layer (400 of FIG. 3) is selectively 
removed. Here, if a wet etch process is used to remove the remaining sacrificial layer 
400 or if the sacrificial layer 400 is formed of photoresist material, the sacrificial layer 
20 400 is selectively removed using 0 2 -plasma or an 0 3 -containing gas. 

Referring to FIG. 5, a multi-stepped wet treatment is performed on the surface of 
the lower metal electrode 31 1 , which is exposed by removing the sacrificial layer 400. 
A junk layer may exist on the surface of the lower metal electrode 31 1 . The junk layer 
may include contaminants generated during the previous steps and may contain oxides 
25 such as native oxide caused by exposure of the lower metal electrode 31 1 to 

atmosphere. To remove the junk layer, which may degrade the characteristics of the 
resulting capacitor, the present embodiment utilizes a multi-stepped wet treatment to 
effectively clean the lower metal electrode 31 1 , prior to formation of the upper electrode. 
The multi-stepped wet treatment selectively uses wet etchants for different 
30 purposes. Each wet etchant is selected to be adequate for removing each of main 
components of the junk layer, such as surface oxides and surface organic materials. 
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For example, since the surface oxides are generated by exposure of the lower 
metal electrode to atmosphere or by formation of the sacrificial layer 400, the wet 
etchants used for removing the surface oxides may be, for example, HF, LAL(NH 4 F + 
HF + H 2 0), standard cleaning 1 (SC1) or a combination thereof. 
5 By using HF diluted with deionized water (DIW) in a ratio of about 1 :200, a wet 

cleaning process or etch process may be carried out for about 1 to 10 minutes. LAL, 
which is obtained by diluting an etchant mixture of NH 4 F and HF with DIW, may be used 
for about 5 to 55 seconds. Also, in the SC1 process including NH 4 OH processing and 
H 2 0 2 -wet treating, if the lower metal electrode 31 1 is formed of TiN, the TiN layer may 
10 become melted by the SC1 . Therefore, a SC1 wet etch process or cleaning process 

can be carried out for 1 to 10 minutes at a low temperature of about 30 °C to 50 °C, 

preferably, about 40 °C. Diluting the etchants with water in appropriate ratios may be 

preferable. For example, a ratio of NH 4 OH to H 2 0 2 to H 2 0, used in the SC1 , is about 
1:1:5. 

15 Meanwhile, these wet etchants can remove particles remaining on the surface of 

the lower metal electrode 31 1 . The presence of these particles is closely associated 
with the resulting yield of the semiconductor devices or chips. Certain combinations of 
the wet etchants enable very effective removal of the particles. The removal of the 
particles by the wet etchants will be described in more detail later. 

20 Meanwhile, as described above, the junk layer may not only contain the surface 

oxides, but also surface organic materials (contaminants) and the like. To enhance 
removal of the surface organic materials, after the foregoing surface oxides are 
removed, a wet etch process or wet cleaning process using other wet etchants, for 
example, H 2 S0 4 or ozone water, is further carried out on the surface of the lower metal 

25 electrode 31 1 . 

If H 2 S0 4 is used, H 2 0 2 may be further added to the H 2 S0 4 . H 2 S0 4 or an 
etchant mixture of H 2 S0 4 and H 2 0 2 is diluted with DIW and then used in the wet 
cleaning process. If H 2 0 2 is added to H 2 S0 4 , O- may combine with C into C0 2 to 
facilitate removal of organic materials. If the lower metal electrode 31 1 is treated by 
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H 2 S0 4 or ozone water at a high temperature, the metal layer may be seriously attacked. 
Accordingly, the treatment using H 2 S0 4 or ozone water is preferably performed at a 

temperature of about 100 °C, preferably about 70 °C to 80 °C. 

The multi-stepped wet treatment may comprise removal of the surface oxides 
followed by removal of the surface organic materials. Alternatively, the surface organic 
materials may be removed prior to, or during, removal of the surface oxides. 

To sum up, the multi-stepped wet treatment of the present invention employs one 
of combinations of different wet etchants. Representative combinations are as follows. 
Firstly, a primary wet treatment is performed using HF, LAL, SC1 , or a combination 
thereof and then a secondary wet treatment is performed using ozone water. Secondly, 
a primary wet treatment is performed using LAL and then a secondary wet treatment is 
performed using H 2 S0 4 . Thirdly, a primary wet treatment is performed using HF, a 
secondary wet treatment is performed using LAL, and then a third wet treatment is 
performed using H 2 S0 4 . Fourthly, a primary wet treatment is performed using HF, a 
secondary wet treatment is performed using LAL, and then a third wet treatment is 
performed using ozone water. Fifthly, a primary wet treatment is performed SC1 and 
then a secondary wet treatment is performed using H2SO4. 

Referring to FIG. 6, after the lower metal electrode 31 1 is subjected to the 
multi-stepped wet treatment, a dielectric layer 330 and an upper electrode 350 are 
formed on the lower metal electrode 311, thereby completing a capacitor. The 
dielectric layer 330 may be formed of a high-k dielectric material, such as tantalum 
oxide (Ta 2 05), aluminium oxide (Al 2 0 3 ), hafnium oxide (Hf0 2 ), lanthanum oxide (La0 2 ), 
zirconium oxide (Zr0 2 ), titanium oxide (Ti0 2 ), PZT, BST, ST, and SBT, and a 
combination thereof. These high-k dielectric materials may be deposited using CVD, 
PVD, or atomic layer deposition (ALD). Thereafter, a thermal treatment such as 
0 2 -annealing may be further performed. 

Thereafter, the upper electrode 350 is formed on the dielectric layer 330 using a 
conductive metal material. Thus, the upper electrode 350 is formed, for example, of a 
metal nitride such as titanium nitride (TiN), tantalum nitride (TaN), and tungsten nitride 
(WN), a noble metal such as platinum (Pt) and ruthenium (Ru), or a conductive oxide. 
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2. Effects of the multi-stepped wet treatment according to the present 
invention 

FIG. 7 is a graph showing drop in leakage current of a capacitor according to the 
5 embodiment of the present invention in which the primary wet treatment using HF is 
followed by the secondary wet treatment using H 2 S0 4 . 

Referring to FIG. 7, leakage current in case 750 where the primary wet treatment 
using HF followed by the secondary wet treatment using H 2 S0 4 was between one and 
two orders of magnitude less than that in case 710 where only a HF wet treatment was 
10 performed. That is, interfacial characteristics between the lower electrode and the 
dielectric layer were improved as a result of the method of the present invention. In 
particular, it is seen in FIG. 7 that organic materials could be effectively removed 
through the secondary wet treatment using H 2 S0 4 to further improve the performance of 
the capacitor. 

15 FIG. 8 is a graph showing a drop in leakage current of a capacitor according to 

the embodiment of the present invention in which an H 2 S0 4 wet treatment is performed 
on the capacitor. 

The results of FIG. 8 show measured leakage current of sample capacitors, 
which were formed by forming a TiN lower electrode, wet treating or not, forming a 

20 60-A thick Ta 2 0 5 layer, 0 3 -annealing, forming a 60-A thick Ta 2 0 5 layer, 0 3 -annealing, 

and forming a TiN upper electrode. The wet treatment was performed using H 2 S0 4 . 
As shown in FIG. 8, the leakage current in case 850 where the H 2 S0 4 wet treatment 
was performed for about 20 minutes was between one and two orders of magnitude 
less than that in case 810 where the wet treatment was not performed. 
25 FIG. 9 is a graph showing drop in leakage current of a capacitor according to the 

embodiment of the present invention in which a wet treatment using ozone water is 
performed on the capacitor. 

The results of FIG. 9 show measured leakage current of sample capacitors, 
which were formed by forming a TiN lower electrode, wet treating or not, forming a 

30 60-A thick Ta 2 0 5 layer, 0 3 -annealing, forming a 60-A thick Ta 2 0 5 layer, 0 3 -annealing, 

10 
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and forming a TiN upper electrode. The wet treatment was performed using ozone 
water. As shown in FIG. 9, leakage current in case 950 where the wet treatment using 
ozone water was performed for about 180 seconds was between one and two orders of 
magnitude less than that in case 910 where the wet treatment was not performed. 
5 Referring to FIGS. 8 and 9, the wet treatment using ozone water has almost the 

same effects as the H 2 S0 4 wet treatment. Nevertheless, considering the time taken for 
the wet treatment, the wet treatment using ozone water is more efficient in the mass 
production of semiconductor devices. Also, disposal of H 2 S0 4 waste materials may 
come into a serious question, whereas ozone water is more environmentally friendly. 
10 Accordingly, using the ozone water in the manufacture of semiconductor devices is 
preferred. 

The wet treatment using H 2 S0 4 or ozone water results in removal of surface 
organic materials, which may exist on the surface of the lower metal electrode. This is 
because a chemical oxide layer, an active layer, is formed on the surface of the lower 
15 metal electrode due to the wet treatment using H 2 S0 4 or ozone water. 

As shown in FIGS. 7 through 9, by the multi-stepped wet treatment of the present 
invention using H 2 S0 4 or ozone water, the characteristics of the capacitor were 
improved. Here, factors affecting the characteristics of the capacitor are not limited to 
organic materials and oxides that may exist on the surface of the lower metal electrode. 
20 For example, particles also are the important cause of capacitor degradation. 

In particular, the generation of the particles may be a serious issue when 
chemical mechanical polishing (CMP) is used to separate the lower metal electrodes. 
The CMP process is generally performed to planarize or etch back the sacrificial layer 
(400 of FIGS. 2 and 3) and/or to separate the lower metal electrode layer (310 of FIG. 
25 2). However, the CMP process involves generation of particles due to polishing slurry 
and polishing byproduct. Accordingly, the particles also should be removed by the 
multi-stepped wet treatment of the lower metal electrode. 

According to experimental results, although the SC1 or HF is effective in removal 
of the surface oxides, the LAL is most effective in removal of particles. The HF is 
30 effective in removal of the surface oxides, such as native oxide, but is not very useful for 



Attorney Docket No.: SAM-0538 



removal of the particles. The following photographs of FIGS. 10 and 1 1 shows the 
experimental results. 

FIG. 10 is a scanning electron microscope (SEM) photograph showing results of 
an HF wet treatment. 

5 FIG. 1 1 is a SEM photograph showing the results of a LAL wet treatment. 

FIGS. 10 and 1 1 are photographs of a capacitor in which a wet treatment is 
performed on the lower metal electrode. Initially, as shown in FIG. 10, even in the 
case where the HF wet treatment was performed, particles remained. On the other 
hand, as shown in FIG. 1 1 , when the LAL wet treatment was carried out, the particles 
10 were effectively removed. 

Accordingly, considering the need for removal of the particles, the LAL wet 
treatment should be added to the multi-stepped wet treatment according to the 
embodiment of the present invention. 

However, under certain circumstances, the LAL wet treatment may cause some 
15 side effects, for example, water marks. 

FIG. 12 is a photograph showing the results of a LAL wet treatment. 
As shown in FIG. 12, after the LAL wet treatment is carried out without any 
follow-up measures, when the lower metal electrode is dried, water marks often occur. 
The water marks, which adversely affect yield of the semiconductor devices, should be 
20 minimized. 

As the result of various experiments, it was found that the generation of water 
marks by the LAL wet treatment could be effectively prevented if an HF wet treatment 
was performed prior to the LAL wet treatment. Therefore, if generation of particles 
becomes a serious issue, for example, if a CMP process is performed to separate the 

25 lower metal electrode layer 310, the multi-stepped wet treatment of the lower metal 

electrode preferably comprises the HF wet treatment followed by the LAL wet treatment. 

The embodiment of the present invention, which is embodied based on the 
experimental results shown in FIGS. 7 through 12, can, for example, follow the process 
steps shown in FIG. 13. 

30 FIG. 1 3 is a flowchart illustrating a multi-stepped wet treatment according to the 

embodiment of the present invention. 
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Referring to FIG. 13, a lower metal electrode is formed (step 1310), and then an 
HF wet treatment is performed (step 1 320). The HF wet treatment can be performed 
using HF diluted with DIW in a ratio of about 1 : 200 for about 1 to 1 0 minutes. The HF 
wet treatment is carried out in order to remove mainly surface oxides such as native 
oxide, which are generated on the surface of the lower metal electrode. 

Thereafter, a LAL wet treatment is carried out (step 1330). An etchant mixture 
of NH 4 F and HF is diluted with DIW and used for the LAL wet treatment. Here, the LAL 
wet treatment is carried out for about 5 to 50 seconds. As described above, the LAL 
wet treatment effectively removes not only the surface oxides but also particles. Here, 
the previous HF wet treatment (step 1320) can effectively prevent generation of water 
marks, which may be involved by the LAL wet treatment. 

Thereafter, a wet treatment using ozone water is carried out (step 1340). 
Although this wet treatment using ozone water may be replaced by a H 2 S0 4 wet 
treatment (in this case, H 2 0 2 diluted with DIW may be added), the wet treatment using 
ozone water is more useful and effective as described above. By the wet treatment 
using ozone water (or H 2 S0 4 wet treatment) (step 1340), unnecessary surface oxides 
and organics can be removed from the surface of the metal electrode and an active 
chemical oxide layer can be generated on the surface of the metal electrode. When 
the dielectric layer is formed using a high-k dielectric material, the chemical oxide layer 
is used to improve the characteristics of the high-k dielectric layer. 

After the foregoing multi-stepped wet treatment is performed, a dielectric layer is 
formed (step 1350). 

According to the present invention, a multi-stepped wet treatment is applied to 
the surface of a lower metal electrode in order to improve interfacial characteristics 
between the lower metal electrode and a dielectric layer. Thus, the performance 
characteristics, most notably, the leakage current characteristic, of an MIM capacitor 
can be effectively improved. 

While the present invention has been particularly shown and described with 
reference to a preferred embodiment thereof, it will be understood by those of ordinary 
skill in the art that various changes in form and detail may be made herein without 
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departing from the spirit and scope of the present invention as defined by the following 
claims. 
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